Abstract
Introduction
Drug reactions are a significant cause of morbidity and mortality worldwide. Studies have established that HIV-positive individuals are a hundred times more susceptible to drug reactions than the general population, and advanced immunodeficiency portends an even greater risk [1] . Multiple heterogeneous factors are responsible for the substantial risk in HIV, including polypharmacy, slow acetylator status, relative glutathione deficiency, CD4+ T-cell counts of < 200 cells/mm 3 or > 25 cells/mm 3 [2] , latent cytomegalovirus and Epstein-Barr virus infections [3] and high CD8+ T-cell counts > 460 cells/mm 3 .
The majority of adverse drug reactions are due to trimethoprim-sulfamethoxazole (TMP/ SMX), other sulphonamide drugs and penicillins, accounting for 75% of all reported cases, of which adverse reactions to TMP/SMX are the most common, increasing from approximately 2-8% in the general population over 43% amongst HIV-positive individuals to approximately 69% in subjects with AIDS [4] [5] [6] . One of the postulated reasons for the discernible incidence of reactions to TMP/SMX is the systemic glutathione deficiency in these individuals, which increases the probability of circulating toxic intermediates like hydroxylamine derivatives which play a key role in inciting drug reactions [7] . Other drugs that are renowned for engendering adverse reactions include antituberculosis (anti-TB) drugs, antiretrovirals, nonsteroidal anti-inflammatory drugs and anticonvulsants.
In this review, adverse cutaneous drug reactions (ACDR) due to the most commonly prescribed medications (including TMP/SMX, anti-TB drugs and antiretrovirals) in the setting of HIV will be discussed. Prompt diagnosis of the ACDR -together with the identification and immediate removal of the offending drug where applicable, as well as treatment of the reaction -is crucial for preventing further progression of the adverse reaction whilst simultaneously ensuring appropriate alternative treatment, where necessary, for the underlying disorder, bearing in mind that HIV-positive patients are often co-infected with opportunistic infections [8] .
Details and Discussion

Diagnosis of ACDR
A thorough knowledge of the presentation of ACDR is essential for establishing a diagnosis. A meticulous history to ascertain the onset of skin lesions and a temporal relationship to the drug, followed by a detailed clinical examination to determine the morphological type of the mucocutaneous reaction, must be taken. For more severe reactions, investigations should include a full blood count with a differential white cell count, urea and electrolytes and a liver function test. A skin biopsy for histopathological confirmation can be undertaken in ambiguous cases. Table 1 summarises the major ACDR associated with HIV infection, with an emphasis on their salient clinical and dermatopathological features.
The most common presentation of ACDR is that of a morbilliform eruption (Fig. 1a) 7-14 days after initiation of therapy which resolves on withdrawal of the offending drug. The rash is a pruritic, symmetrical, erythematous, maculopapular eruption usually involving the trunk, intertriginous areas and sparing the face. Other clues are fever, headache, myalgia, arthralgia, granulocytopenia, thrombocytopenia and raised liver enzyme levels. Morbilliform eruption accounts for 95% of cutaneous adverse drug reactions [9, 10] . A skin biopsy will reveal a variable, perivascular, dermal lymphocytic infiltrate, sometimes with subtle vasculopathic features. There is mild accompanying lymphocytic exocytosis and spongiosis (Fig. 1b) , while careful examination will reveal scattered apoptotic keratinocytes. Scattered eosinophilic leucocytes are usually present amid the dermal infiltrate, and this may serve as a point of (Fig. 1a ) [9] Usually a variable, superficial, perivascular infiltrate of lymphocytes and eosinophils is present; there may be associated vacuolar interface changes, scattered apoptotic epidermal cells and spongiosis (Fig. 1b) [3, 10, 11] Erythema multiforme Erythematous, iris-shaped papules and vesicobullous lesions on extremities and mucosal surfaces (Fig. 2a, b ) [9] Vacuolar interface dermatitis with spongiosis and exocytosis; in druginduced cases there is significant keratinocyte apoptosis (Fig. 2c) , sometimes involving acrosyringial keratinocytes, as well as microscopic blister formation and more intense pigmentary incontinence; papillary dermal oedema is present in papular lesions; IMF testing may confirm deposits of IgM and complement C3 in the walls of superficial dermal blood vessels [10, 11] Urticaria Transient erythematous pruritic wheals Angioedema: deeper, more painful and less pruritic swellings/plaques affecting the skin and mucosal surfaces, in particular the lips and tongue [9] Acute urticaria-interstitial dermal oedema, dilated venules with endothelial swelling and minimal inflammatory cells; chronic lesions present with interstitial dermal oedema, perivascular and interstitial mixed cell infiltrate with variable numbers of lymphocytes, eosinophils and neutrophils; in angio-oedema, the infiltrate and oedema extend into the subcutis [10] Fixed drug eruption Dusky, often annular macules or plaques, sometimes with blistering, which heal with hyperpigmentation [9] (Fig. 3a) Scattered necrotic keratinocytes are often seen in the epidermis; frequent hydropic degeneration of the basal layer leads to pigmentary incontinence; confluent keratinocyte apoptosis may occur, while detachment of the epidermis can lead to blister formation (Fig. 3b) [10, 11] Lichenoid drug eruption Pruritic, violaceous eruption similar to lichen planus, healing with dusky grey pigmentation [9] The histological findings may be similar to lichen planus (Fig. 4a) , but distinguishing features of drug-induced lichenoid eruption include numerous eosinophils, parakeratosis and perivascular inflammation around mid and deep dermal plexuses (Fig. 4b) [10, 11] Vasculitis Palpable purpura accentuated on extremities; more extensive eruptions present with plaques, ulcers and blisters [9] Neutrophilic/leucocytoclastic vasculitis of postcapillary venules, characterised by vascular damage with endothelial swelling and fibrin deposition (fibrinoid degeneration), extravasation of red blood cells and neutrophilic infiltration with fragmentation of their nuclei (leucocytoclasis) involving the superficial dermis; more extensive lesions present with pan-dermal involvement with necrosis and ulceration; prominent oedema leads to subepidermal blister formation, and dense neutrophilic inflammation leads to pustule formation ( Fig. 5 ) [10] [11] [12] 
Stevens-Johnson syndrome
Erythema multiforme lesions involving ≥2 mucosal surfaces; may occur with skin detachment <10% of the total body surface area (Fig. 6a-c) [9] Similar to erythema multiforme/toxic epidermal necrolysis
Toxic epidermal necrolysis
A syndrome which begins with erythema and tenderness of the skin, widespread erythema multiforme and necrotic lesions, progressing to stripping of the skin of >30% of the body surface area (Fig. 7a, b ) [9] Characterised by numerous necrotic keratinocytes, often with fullthickness epidermal necrosis and a subepidermal blister (Fig. 7c) , which may contain extravasated erythrocytes; papillary dermal melanophages are present in late lesions; IMF studies may show diffuse epidermal deposition of immunoglobulin and complement [10] IMF, immunofluorescence. ACDR to TMP/SMX TMP/SMX (cotrimoxazole) is the most common cause of ACDR in HIV. The incidence in the general population is 2.6-8%, increasing to 43-69% in patients with HIV/AIDS [4] [5] [6] . A recent study conducted in Taiwan aimed to determine the risk factors for TMP/SMXrelated ACDR in patients with Pneumocystis jirovecii pneumonia (PJP) and AIDS. The study determined that ACDR were common and occurred in 47.6% of the patients, mostly within the first 2 weeks of therapy, and that daily doses of > 16 mg/kg of TMP/SMX and an age > 34 years were significant risk factors [13] . Mutations in candidate genes have been found to be associated with SMX hypersensitivity. Glutamate-cysteine ligase catalyses a crucial step in glutathione biosynthesis. A single nucleotide polymorphism in the glutamatecysteine ligase catalytic subunit (GCLC) has been associated with reduced GCLC mRNA expression and SMX-induced hypersensitivity in HIV/AIDS, playing a role in idiosyncratic drug reactions [14] .
Although severe reactions do occur, overall approximately 50-60% of patients on TMP/ SMX will experience a morbilliform reaction with associated fever 1-2 weeks after the initiation of therapy. In this setting, the drug can be continued with symptomatic therapy including systemic antihistamines and topical corticosteroids [15] . Weekly assessment and patient education about danger signs are important. If the rash persists, the dose should be reduced. If this is still ineffective, oral corticosteroids at 0.5 mg/kg should be prescribed up to a maximum of 21 days. Rechallenge is safe for patients with non-life-threatening hypersensitivity [16] . Desensitisation of patients with documented, non-life-threatening ACDR has been shown to effectively induce tolerance in 63% of cases [17] . However, these patients requiring rechallenge and desensitisation should be referred to a tertiary centre.
Erythema multiforme (Fig. 2a, b ) may be a precursor to a more severe reaction (StevensJohnson syndrome [SJS] or toxic epidermal necrolysis [TEN] ). Skin biopsy will reveal lymphocytic vacuolar interface dermatitis, with multiple dyskeratotic and apoptotic keratinocytes present at various levels within the epidermis (Fig. 2c) [9] [10] [11] . TMP/SMX can also be asso- ciated with a fixed drug eruption, which may be bullous (Fig. 3a) or even generalised. Although erythema multiforme and fixed drug eruption share many histological features, the latter tends to exhibit more pronounced pigmentary incontinence. Subepidermal bulla formation may ensue as a consequence of confluent keratinocyte apoptosis and pronounced basal vacuolar degeneration (Fig. 3b ) [9] [10] [11] .
ACDR to Anti-TB Therapy
Severe cutaneous hypersensitivity historically has been an extremely rare complication of anti-TB therapy in African patients. However, there has been an increase in both morbilliform and severe adverse cutaneous reactions to anti-TB drugs in HIV-infected patients (23% in one series [18] ). The initiation of highly active antiretroviral therapy for HIV and TMP/SMX for PJP prophylaxis simultaneously with anti-TB therapy often confounds the situation, making it extremely difficult to isolate the offending agent, as both TMP/SMX and nevirapine (NVP) are well-documented causes of severe ACDR [19] [20] [21] .
Data on the incidence of ACDR to anti-TB therapy are limited. In a primary care clinic in South Africa, serious adverse reactions to anti-TB drugs occurred in 13% of non-HIV-infected patients compared to 27% of HIV-infected patients [22] . There is currently no consensus regarding which drugs are most frequently implicated in ACDR [19] . Some authors suggest pyrazinamide, whereas others propose streptomycin as the most frequent offender [23, 24] . 
Others have identified rifampicin as the most common cause in HIV-infected patients compared to non-HIV-infected patients [19] .
A 2-year retrospective study assessed 820 cases of TB treated in the Respiratory Unit in Penang Hospital, Penang, Malaysia. The aforementioned study revealed that ACDR were frequent particularly in HIV-infected patients, and that pyrazinamide was the most consistent offending drug, followed by streptomycin, ethambutol, rifampicin and isoniazid in order of decreasing frequency. Most reactions occurred within the first 2 months after the initiation of anti-TB treatment, and morbilliform rashes were most common, accounting for 73.3% of the cases [25] . In a setting of high TB and HIV burden, a recent study in Cape Town, South Africa, determined that rifampicin was the most common cause of reintroduction reactions [19, 26] .
The mortality due to ACDR depends on the type of the reaction, from mild and selflimiting in the morbilliform type to severe and life-threatening in SJS/TEN.
Morphological Types of ACDR to Anti-TB Drugs • Morbilliform reactions are most common, accounting for 95% of all cases, and presenting within the first 7-14 days after initial drug exposure; these are usually self-limiting without the need for treatment interruption [27] ; morbilliform reactions can, however, present as precursors to more severe reactions such as SJS/TEN [28] • Drug hypersensitivity syndrome (DHS) -also known as drug rash with eosinophilia and systemic symptoms -is a severe reaction associated with a high mortality and a latency period of 3 weeks or longer [29] ; anti-TB drugs reported to cause DHS include isoniazid, rifampicin, streptomycin and pyrazinamide [19, 25, 30] • SJS/TEN is associated with significant mortality and has been observed with rifampicin, pyrazinamide, isoniazid, ethambutol, streptomycin, cycloserine and fluoroquinolones [19, 28, [31] [32] [33] [34] [35] • Lichenoid drug eruptions initially present as pruritic erythematous macules progressing to violaceous, polygonal papules often involving the oral and genital mucosa; their onset a b Fig. 3 . Fixed drug eruption. a Dusky, annular macules with associated blistering. b Confluent keratinocyte dyskeratosis and apoptosis is seen, with evolving subepidermal bulla formation to the right of the field.
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www.karger.com/dpa is usually within a few months but can present as early as after a few days, often with spontaneous resolution on drug withdrawal, sometimes with persistent postinflammatory hyperpigmentation [19] ; lichenoid drug eruptions can occur secondary to isoniazid, pyrazinamide and ethambutol [25, 36, 37] ; although the histopathological picture is often remarkably reminiscent of lichen planus (Fig. 4a) , the presence of a deeper dermal inflammatory infiltrate harbouring an admixed contingent of eosinophilic leucocytes and plasma cells (Fig. 4b) may alert one to a pharmacological aetiology [10, 11] • Cutaneous vasculitis due to anti-TB therapy is rare but has been reported with rifampicin and pyrazinamide [38] [39] [40] ; skin biopsy in such cases reveals a neutrophilic vasculopathic reaction (Fig. 5) , with fibrinoid necrosis of dermal blood vessel walls, perivascular extravasation of fibrin and erythrocytes, and karyorrhectic debris in association with the dermal infiltrate of polymorphonuclear leucocytes [10, 11] Diagnosis and Management Diagnosing the type of reaction is imperative as it has an impact on management and treatment interruption. If reactions are minor and self-limiting, symptomatic therapy may be all that is required. If the reaction is persistent or severe, all treatment should be discontinued, the reaction treated and an attempt initiated to identify the drug(s) responsible, with the aim to resume therapy as soon as possible to ensure optimal management of the TB itself.
There is significant morbidity and mortality attributed to suboptimally treated TB, particularly in HIV co-infection. Second-line drugs are less effective and carry their own burden of toxicities [41, 42] . There is also robust evidence indicating that rifampicin-based regimes are superior to non-rifampicin-based regimes with regard to outcomes and relapse rates, justifying rechallenge in patients who have experienced ACDR to first-line agents both to establish causation and to remove the offending drug [43] [44] [45] [46] .
There is presently no consensus on the protocol for rechallenge. In previous reports on rechallenge, the sequence was arbitrarily selected. Drugs were commenced after the reaction had subsided, with daily challenge doses starting with those least likely to be implicated, and if no reaction occurred, incremental doses were administered until full doses were tolerated. However, whether rechallenge should occur with full or incremental doses remains unclear. Furthermore, the sequence in which drugs should be reintroduced remains contentious, with some authors suggesting that the least likely offending drug be commenced first, whilst others suggest that the most effective drugs such as rifampicin and isoniazid be reintroduced first to minimise the likelihood of inadequate therapy [43, 47] . This is further complicated by the lack of unanimity regarding which drug is the most common offending drug.
A retrospective study conducted in a dermatology ward of a tertiary referral hospital in Cape Town, South Africa, reviewed the records on 298 patients with cutaneous drug reactions; 21.8% of these patients had anti-TB drug-associated ACDR, of whom 92% were co-infected with HIV [26] . The most common reintroduction reactions were itch (48%) and hepatitis (39%). Rifampicin was found to be the offending drug in 57% of the reintroduction reaction cases, followed by isoniazid (22%), pyrazinamide (13%), and ethambutol, streptomycin and ofloxacin (4% each). The study concluded that all first-line anti-TB drugs could potentially cause ACDR; that HIV co-infection was a significant risk factor; that reintroduction reactions were common, but the majority were mild and non-life-threatening; and that rifampicin was more frequently implicated than formerly described [26] . 
It is the authors' suggestion that rechallenge by first reintroducing those drugs which are least likely to cause a reaction is a realistic option and often efficacious, provided patients are adequately monitored and resources available [26] . However, further prospective studies are required to establish safer reintroduction protocols in resource-limited settings with a high HIV and TB prevalence.
ACDR to Antiretrovirals
ACDR to almost all antiretrovirals are common, but particularly so to the non-nucleoside reverse transcriptase inhibitors (NNRTIs). NVP and efavirenz (EFV), recommended as firstline agents in resource-limited settings, are both implicated in ACDR [48] . They present most commonly with a morbilliform eruption and urticaria in the first 4-6 weeks after treatment initiation. The incidence of NVP-associated ACDR has been reported to be 8.9%, with increasing frequency proportional to dose increments [49, 50] . Risk factors for NVP-induced reactions include female sex, plasma drug concentrations > 5.3 mg/mL, being treatment naïve at the time of initiation of therapy and being female with a baseline CD4 count > 200 cells/µL [50, 51] . In the absence of blisters, erythroderma, mucosal involvement and hepatitis, therapy can be continued uninterrupted and the reaction treated symptomatically with antihistamines and topical corticosteroids. The incidence of SJS (Fig. 6a-c) and TEN (Fig. 7a, b ) is estimated to be around 0.3% with NVP [52] and usually develops 1-3 weeks after initiation of therapy [8] . This requires prompt recognition and permanent discontinuation of the drug. In these patients, reintroduction is contraindicated. Hence, close monitoring of patients on NVP is essential in the first 6 weeks after treatment initiation and should continue for up to 18 weeks [53] . Patients who develop a rash should always be assessed for hepatotoxicity. SJS exhibits a histological picture indis- tinguishable from erythema multiforme, whereas TEN is characterised by subepidermal bulla formation in the presence of full-thickness epidermal necrosis (Fig. 7c) [3, 10, 11] . To reduce the incidence of skin rash, NVP should be administered at a dose of 200 mg once a day for the first 2 weeks and 200 mg twice a day thereafter. If a rash develops in the first 2 weeks, then dose escalation should be deferred until the rash resolves [54] . In a case-control analysis conducted in Cape Town, South Africa, which assessed patients with severe skin reactions on combination antiretroviral therapy, it was reported that the most severe reactions resulting in admission were SJS/TEN and DHS. Most cases occurred in the first 2 months after initiation of therapy, and both NVP exposure and pregnancy were associated with severe skin reactions. There was a significant mortality of 4% with severe reactions [48] . The high risk of severe reactions with NVP is similar to that reported in previous studies.
Adverse Cutaneous Reactions Associated with the Newest Antiretroviral Drugs • Tipranavir: a protease inhibitor (PI) approved for use with ritonavir for patients with PI resistance; the most common ACDR are urticaria, morbilliform rash or photosensitive lesions with onset usually around day 53, occurring in up to 8-14% of patients [55] ; it contains a sulphonamide moiety, and sulpha-containing drugs should be used with caution, although sulphonamide allergy is not an absolute contraindication [8, 56, 57] • Darunavir: in clinical trials of this PI, rashes occurred in 7% of cases, which were mostly self-limited and morbilliform; 1 case of SJS was reported [8, 58] • Etravirine: a new NNRTI which has been used in patients with NNRTI resistance; ACDR were reported in 16.9% of cases, the majority of which were mild-to-moderate morbilliform lesions arising in the first few weeks and resolving with continued treatment; the reactions were more common in females than in males; severe reactions including erythema multiforme, SJS and DHS were reported in < 0.1% of patients [8, 59, 60] • Raltegravir: an integrase inhibitor; patients in trials were reported to present with mildto-moderate rash and pruritus, with 2 cases of hypersensitivity [8, 61] • Maraviroc: a CCR5 chemokine receptor inhibitor; a pruritic rash occurred in 3.8% of patients, which may precede hepatotoxicity; therefore, patients with rash, eosinophilia and raised IgE should be evaluated for hepatotoxicity [8, 62] Hypersensitivity Syndrome This is a life-threatening reaction which occurs in the first 42 days of antiretroviral therapy. It presents with a diffuse maculopapular eruption, fever, eosinophilia, atypical lymphocytosis, multivisceral involvement and raised liver enzyme levels (> 5-times elevated transaminases). It occurs most commonly with NVP (2%), EFV, abacavir, amprenavir and indinavir. The mortality rate is 10% with NVP, usually due to liver failure. It is reported in up to 2.3-9% of patients on abacavir usually within the first 6 weeks of exposure and resolves within 72 h of drug withdrawal. If hypersensitivity is suspected, the drug must be discontinued. Rechallenge following hypersensitivity is contraindicated [63] [64] [65] .
Recurring Drug Reactions These reactions can seriously impede effective management of HIV and opportunistic infections in patients presenting with persistent non-life-threatening drug reactions or recurrent reactions. They present during the first 8 weeks of therapy, coinciding with a rise in CD4 cell counts, and occur as a manifestation of immune reconstitution. The use of a protracted course of steroids (0.5 mg/kg for the first 8 weeks of therapy) in patients who develop recurrent and potentially severe cutaneous eruptions and have a previous history of ACDR allows suppression of reactions whilst initiating and continuing essential drugs [66] . 
Conclusions
The global mortality from HIV has significantly declined due to highly active antiretroviral therapy. Mutually, cutaneous manifestations of HIV have been considerably reduced by 40% and dermatological consultations by 63%, and the resultant burden of disease from AIDS-associated inflammatory, infective and malignant disorders has been substantially diminished, enabling patients to enjoy a superior quality of life [67] . Reciprocally, there has been a concurrent increase in the incidence of cutaneous drug reactions in HIV-infected individuals, the most severe being SJS, TEN and hypersensitivity syndrome [67] . With regard to antiretrovirals, these severe life-threatening adverse cutaneous reactions occur most commonly with the NNRTIs NVP and EFV, the NRTI abacavir, and the PIs indinavir and amprenavir. Most reactions (86%) occur within 4 weeks of therapy. The frequent encumbrance of opportunistic infections in HIV often leads to the concurrent use of TMP/SMX for PJP prophylaxis and anti-TB therapy, both of which are well-documented instigators of both mild and severe ACDR.
Prompt diagnosis of the ACDR, isolation of the offending agent and treatment of the reaction are warranted, since severe reactions mandate immediate treatment discontinuation without rechallenge to avert further progression. Appropriate drug substitution for the underlying disorder should be instituted accordingly.
Further prospective studies are required to bridge the disparities in the current knowledge of ACDR in the setting of HIV, including causative drugs, incidence rates, risk factors, management and appropriate rechallenge protocols. The future holds the attractive prospect of predictive genetic testing and simple screening tests for drug-specific ACDR [19] .
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